Stepwise regression Error analysis a b s t r a c t
Introduction
Industry wide, mass reduction strategies have become increasingly important in recent years. In the United States, as a substitute material in the automotive industry to comply with the global standard. The benefits of this material, such as it is lightweight, recyclable, biodegradable, economical and has good mechanical properties, mean that it is an excellent alternative to the currently used materials to manufacture automotive components in the industry [4] [5] [6] [7] [8] . A number of studies have shown that this natural fibre has its own strengths that can fulfil the product design requirements, especially in the automotive industry [9] [10] [11] [12] . Not just in the automotive industry, but in other industries the demand for natural fibre composites is also increasing year by year, e.g., in construction, aerospace, textiles, medicine, packaging, and electrical and electronics applications [6, 13, 14] . To replace steel-based materials with natural fibre in automotive components can overcome or reduce problems such as heavy mass, high cost of materials and manufacturing, high fuel consumption and corrosion issues over a certain period that are always a challenge for the design engineer to consider as a whole in the manufacturing process [15] [16] [17] .
Material selection is one of the important processes in automotive assembly. The design engineer should select an appropriate suitable material that fulfils the criteria of the design and function of the automotive component. Numerous selection strategies can be used to transfer the inputs to the final output in different multi-criteria decision-making (MCDM) tools, as shown in Fig. 1 . It should be noted that there is no specific procedure to select the best natural fibre in automotive applications. The traditional method used manual checking on the product design specification that match to the materials performance. A lot of literature discusses the strengths and limitations of the conventional material selection methods such as analytical hierarchy process (AHP), analytical network process (ANP), technique of ranking preferences by similarity of the ideal solutions (TOPSIS), quality function deployment (QFD), preference ranking organisational method for enrichment evaluation (PROMETHEE) and Vlse Kriterijumska Optimizacija Kompromisno Resenje (VIKOR) [18] [19] [20] [21] [22] [23] [24] [25] [26] . Just focusing on the weaknesses, the weighting process in AHP is very subjective, based on the judgement of the user. Furthermore, TOPSIS ignores the relationship and interdependency between the attributes throughout the process selection, which can produce inconsistent decision-making. Very simple tools such as PROMETHEE make the final decision not rational and big data is needed for some tools such as VIKOR, which is one of the limitations in MCDM tools. Quality Function Development is one of MCDM tools that can translate customer requirement into design requirement, but the subjective preference also occur in correlation matrix in house of quality matrix diagram [26, 27] . Many studies have introduced single and integrated modelling in decision-making [28] ; a single model focuses on one criterion, otherwise multiple criteria are considered in the study. With regard to the latter type of model, the effect of each criterion on the model is analysed and the final decision is dependent on the criteria or input considered in the study [29] .
The huge number of materials that exist in the world means that it takes up the design engineers' valuable time and increases costs to select the best material. A novel statistical approach to select a natural fibre composite was introduced by Noryani et al. [20] . By using the statistical package for social science (SPSS) programme, the significant mechanical properties are identified, and the statistical model is constructed for the appropriate data set. This approach can reduce the time and cost throughout the process [31, 32] . In the previous study, three types of composites are measured using statistical analysis such as correlation coefficient, coefficient of determination, significant testing, multicollinearity testing and analysis of variance. The present study is motivated by the need to take into consideration the natural fibre itself before it becomes the final composite. In addition, the precision of estimating the performance score for natural fibre is considered compared to the earlier study.
In this study, an improved strategy for the material selection process from the previous work is discussed [20] where another measurement such as error analysis is considered with the estimation values. The performance of alternative natural fibres is analysed by using statistical measurement. The significant mechanical properties are identified to estimate the performance score (PS) for each alternative using the best statistical model suggested by stepwise regression. To select the best natural fibre, the product design specification of a hand-brake lever is used as a case study. Finally, the error analysis for the estimation can increase the trust in the final decision material. In fact, the potential and suitability of this approach can be applied to different automotive components in the industry.
Methodology
The data collection of mechanical properties for natural fibre in the previous study is an initial stage in this methodology. The screening process is started by using stepwise regression to identify the best statistical model of the natural fibre by excluding the irrelevant models. In this stage, the coefficient of the regressor is expressed by using least squares estimation with significant parameters to the model constructed. The product design specification is used to estimate the PS of the natural fibre. The screening process is performed after calculating the error analysis for all candidates. The errors analysis in this study are mean absolute error (MAE), mean squared error (MSE) and root mean squared error (RMSE). In this methodology, each stage is continuously checked to ensure the decision-makers reach the best final decision [33] .
Data collection
Mechanical properties of natural fibre from the previous study are used as secondary data in this study. Here, the implementation of the average value can reduce the dispersion of the data. Twelve types of natural fibre are selected. Table 1 shows the density (x 1 ), tensile strength (x 2 ), Young's modulus (x 3 ) and elongation at break (x 4 ) used in this study. These mechanical properties are the main criteria preferred in material selection for automotive components as mentioned by Noryani et al. [32] . Performance score (PS) is used as the response variable as calculated by using Eq. (1) [20] . Some of the cost of the material is not available (n/a). Therefore, the data is excluded in the analysis.
Stepwise regression
Forward selection and backward elimination are processes in stepwise regression. Forward selection starts with the assumption that there are no regressors in the model except the intercept. The process is followed by inserting the regressors into the model one at a time to find the optimal subset in the model. The largest simple correlation to the response variable (y) is considered into the equation; the second regressor considered into the equation also has a high partial correlation towards y after adjusting the effect of the first regressor entered into the model. The F-statistics in Eq. (2) that illustrate x 2 have a high partial correlation when x 1 is already in the model [40] :
where SS R is the sum of the square of the regression and MS RES is the mean square of the residual. If this F value exceeds F IN , then the regressor is added to the model. In general, the regressor having a high partial correlation with y which considers the effect of another regressor already in the model is entered into the model. The process stops when the F-statistics do not exceed F IN or the last regressor is added to the model. An opposite direction is a practice in backward elimination; the process starts with all regressors being included in the model. F OUT is used to exclude the regressor that has the smallest partial correlation into the model. The summary of the process of forward selection and backward elimination is shown in Table 2 .
Least squares estimation
Here, a standard approach in regression analysis is used. The general form implemented for the stepwise regression is shown in Eq. (3). It can be simple or multiple linear regression; the number of regressors will identify the type of regression.
where y i is the response variable (PS) x i are the regressor variables, ˇ1, ˇ2, . . ., ˇn are partial regression coefficient, ε i is an error term and the subscript i indexes a particular observation. The variation of the PS is explained by the regressors by calculating R 2 and Adj R 2 using Eqs. (4) and (5).
where SS R is the sum of the square of the regression; SS Res is the sum of the square of the residual; SS T is the sum of the square of the total; df is the degree of freedom (n − 1 or n − p − 1).
Measuring model performance using error analysis
Error analysis of the response variable (PS) is analysed by using three types of error, which are mean absolute error (MAE), mean squared error (MSE) and root mean squared error (RMSE), to identify the minimum error of the estimation of PS for each alternative natural fibre. The minimum error is required to guide the decision-maker in the process of selection with precision, less bias and result in a highly accurate solution.
Mean absolute error (MAE)
The simplest error used for assessing the fitness of the model. The advantages of this error are its simplicity, and it is easy to understand and to calculate. This type of error is most preferred compared to the others. MAE can be calculated using Eq. (6).
Mean squared error (MSE)
Another common error used to measure the accuracy of the estimation. Large errors may occur in this type of error because of the square function. MSE can be calculated using Eq. (7).
Root mean squared error (RMSE)
Another favourite error used in inferential statistics. Mostly, using this type of error produces small errors compared to MSE. RMSE can be calculated by using Eq. (8) .
for Eq. (6) until Eq. (8) which e i = y i −ŷ i , where y i is the actual observed value,ŷ i is the estimated value and n is the number of sample error in the model. 
Add the regressor when: Remove the regressor when: 
Ranking the error score and final rank
Each error score is ranked (R) from small to large for alternative natural fibres. The rank of average score (R AS ) and the final rank are calculated using Eqs. (9) and (10), respectively. By using AS score, the final error rank for alternative natural fibres is finalised. Rank number 1 is the best alternative natural fibre with a small number of errors.
Final rank = R AS + R PS 2 (10)
Results and discussion
In this part, the result suggested by stepwise regression is discussed. The significant statistical model with the coefficient is shown in the least squares method. The best and consistent natural fibre statistical models are demonstrated in quarter R 2 and Adj R 2 figures. R 2 describes the variation of response 
Best statistical model suggested by stepwise regression
The previous study discussed the ability of stepwise regression to produce a significant statistical model without carrying out all possible simple and multiple linear regression [20] . The significant parameter is identified by constructing this statistical model [41] . In this study, there are 15 possible regression models for each natural fibre, but only the significant models are discussed. The main advantage of this method is that valuable time can be saved. By using stepwise regression, only the significant model is proposed by adding and excluding all the regressors based on the conditions discussed in Table 2 . Table 3 shows the significant statistical model for each natural fibre that will be chosen as our best model for further decisionmaking for manufacturing the hand-brake parking lever. The minimum number of models proposed by the stepwise regression was for bamboo and pineapple. Coir, flax, kenaf, ramie and sisal were the natural fibres that had a maximum number of models suggested by the stepwise regression.
Least squares estimates for best model
The sum of squares method is used to find the coefficient of the regressor to the model. An appropriate model can be written for each model by using the coefficient appropriately, as shown in Table 4 . Tensile strength (x 2 ) is the most significant regressor in the model, as shown in Table 4 , followed by Young's modulus (x 3 ) and elongation at brake (x 4 ). Throughout the process, density (x 1 ) is the only significant parameter for banana.
Selection of best statistical model using determination of coefficient score (R 2 and Adj R 2 )
The variation of the dependent variable in this study, which is PS, is measured by R 2 for a single regressor and Adj R 2 for multiple regressors in the model. The score of R 2 and Adj R 2 for all possible statistical models for some natural fibres is shown from Figs. 4-9. The area of each figure is divided into quarters, as shown in Fig. 3 , to select the best model for estimation purposes. The selection is based on the highest value of R 2 /Adj R 2 with minimum number of regressors. This condition can benefit the industry as less cost and time is required to estimate the performance of natural fibre in the industry with a reliable statistical model. The model is selected based on the position in the figure. The first quarter in Fig. 3 is the best condition, with a high score of R 2 /Adj R 2 with fewer regressors, while the fourth quarter is the worst model, with the lowest score of R 2 /Adj R 2 with more regressors. Most of the best statistical models for natural fibre show x 2 (tensile strength) is the significant consistent mechanical property in the model with the highest R 2 value. The optimal parameter is identified; other studies used Taguchi design of experiments to optimise the parameters for experimental work [42] . For example, 99.7% of the variation of PS for cotton is explained by tensile strength. Tensile strength also explained the variation of the PS for coir, flax, hemp, jute and kenaf by 96.5%, 99.2%, 98.2%, 98.7% and 99.8% respectively. The consistent finding that concludes x 2 (tensile strength) is the most significant parameter in this study can help the estimation process compared to the previous study that found multiple significant mechanical properties for the composite [20, 43] . Another study working on the variation of tensile strength using R 2 by Weibull statistics also found a high variation of sisal fibre of different gauge lengths [44] . Tensile properties of the materials are an important regressor to study, as shown in Table 4 where x 2 is the most significant regressor in the statistical models. Previous studies on tensile strength of natural fibre performance show the significance of this mechanical property [45, 46] . The performance of the tensile strength of natural fibre is affected by the process parameter, chemical treatment, 
Natural fibre selection using estimation of performance score (PS)
A statistical framework by Noryani et al. [51] is referred to. The process to select the most suitable material is essential after evaluation the performance of the different natural fibres. The estimation of the PS based on the product design specification for a hand-brake lever mentioned by Patel and Sarawade [52] is used in this study. Estimation and prediction by using a model can cut the cost and time in the manufacturing industry [53, 54] . To manufacture the hand-brake lever, 460 MPa is required for tensile strength. This value is used in the statistical model proposed in Table 4 . The final score of PS of the alternative natural fibre is shown in Fig. 10 . This quantitative measurement can increase the accuracy in the decision-making and overcome the bias and subjective preference [55] . The best natural fibre for the hand-brake lever in this study was ramie, which scored the maximum value of PS, which is 551.57, compared to other fibres. Flax, hemp, kenaf and jute are the other top fibres for manufacturing a handbrake lever, scoring 541.04, 519.11, 506.87 and 498.90 respectively. 
Error analysis
Minimum error in estimation is used to help the decisionmaker to select the final material in the automotive industry. The accuracy of the measurement is determined by calculating the error [56] . Analysis of error for the statistical model can produce trustworthy estimation results for the application. Table 5 shows the score of MAE, MSE and RMSE for the natural fibres.
Comparison for final selection of natural fibre
An improved material selection process with consideration of the error analysis of the estimation can improve decisionmaking. An ascending order is used to rank the highest value of PS while, for the error analysis, the minimum error is prioritised. Table 6 shows the final ranking to select the best natural fibre for manufacturing the hand-brake lever application. Three types of error show a consistent measurement of the error from the estimation and observed value. Most of the ranking is constant, such as cotton is ranked as the lowest error for all types of error; the values of the error are 2.75, 11.34 and 3.37, as shown in Table 5 . The same goes for other natural fibres such as coir, bamboo, sisal, kenaf, flax, ramie, bagasse and pineapple.
As shown in Table 6 , the best natural fibre suggested for manufacturing the hand-brake lever was the coir. The secondbest candidate is kenaf fibre, followed by cotton fibre. Flax, hemp, jute, bamboo and ramie are placed in the same rank as the fourth most suitable candidate material for this application. In contrast, using the Analytic Hierarchy Process, kenaf was found to be the best natural fibre to be hybridised with glass fibre reinforced polymer composites for a similar automotive component application [11] . Based on error analysis, cotton, coir and bamboo fibres are the top three that score minimum error on the estimation process of PS. Pineapple and bagasse score the highest error in the estimation of PS. A high number of errors may occur due to insufficient data on these types of materials.
Conclusion
Selection of the best natural fibre for the automotive component of a hand-brake lever was performed using a new statistical approach based on the best statistical model suggested by stepwise regression. The consideration of both high score of estimation on PS using best statistical model and minimum error analysis using MAE, MSE and RMSE through the material selection process in this study can increase precision in the decision-making process. The human error and bias in preference that may occur can also be reduced during the selection process. Twelve types of natural fibre were evaluated, considering four mechanical properties: density, tensile strength, Young's modulus and elongation at break. It was found that the tensile strength is the major parameter that influences the performance score of the alternative natural fibres in the statistical models constructed. The product design specification to manufacture a hand-brake lever was used to estimate the performance score for each natural fibre. Coir, kenaf and cotton fibre were highlighted as the top three candidate materials with maximum PS score and minimum error for the hand-brake lever application. Consistent findings were shown in three different types of error in the error analysis. Error analysis was used to increase the confidence level and trust in the final result through the stepwise regression. The major advantage of this method is the time and cost saving where the important parameter is considered with a strengthened statistical model. In addition, stepwise regression also gives more than one significant statistical model that can be used in different applications and allows systematic and detailed analysis with appropriate product design specification information. The most suitable natural fibre is finalised quickly using this statistical optimisation, especially when larger mechanical properties are involved.
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